We consider a model with three Higgs doublet in a discrete B − L × Z 3 discrete symmetries.
The existence of inert scalar fields comes from very long ago, in particular the inert doublet [1] . Here we consider a model in which the scotogenic mechanism [2] is at work generating neutrino masses and the Pontecorvo-Maki-Nakagawa-Sakata (PMNS) matrix.
The model has three doublets with the same quantum number as the standard model Higgs doublet: H ≡ S, D 1 , D 2 , being the latter two doublets inert because of an unbroken (at the tree level) Z 3 symmetry. We also include three right-handed neutrinos but with nosstandard assignment of B − L. See the Table II (1)
where i, j = e, µ, τ and k, l = 2, 3.
The more general SU (2) L ⊗ U (1) Y ⊗ U (1) B−L invariant scalar potential for the three doublets, is given by:
Notice that the term µ 2 12 and λ 9,10 break B − L softly and hard, respectively. We will assume these parameters are real. If µ 2 12 = 0 and λ 9,10 = 0 the doublets are not inert anymore and we have a mechanism as in Ref. [5] in which the smallness of the neutrino masses is due to the smallness of the VEV of the doublet(s) D 1 (D 2 ). On the other hand, if µ 2 12 = 0 and λ 9,10 = 0 we have the scotogenic mechanism with two inert doublet as in Ref.
[fortes]. Here we will consider only the latter case.
Doing as usual the shifted as
GeV, and
, so that the constraint equations are given by:
The masses matrices are all diagonal and the eigenvalues are:
• For CP even scalars:
• For CP odd scalars:
• For charged scalars:
The charged leptons has the following Yukawas: G 
Defining the lepton mixing matrix as
L , it means that this matrix appears in the charged currents coupled to W − .
Notice that neutrinos are still massless at tree level as in SM. However, in the scalar potential there are the interactions like λ 4 and λ 5 in the scalar potential in (2) , that induce the sort of diagrams as those in Fig. 1 . With these interactions, it is possible to implement the mechanism of Ref. [2] for the radiative generation of neutrinos masses.
In fact, the diagram in Fig. 1 
where m Ra and m Ia with a = 1, 2 are the masses of ReD 1, we can write
In order to obtain the active neutrinos masses we assume a normal hierarchy and, without loss of generality, that M 1 ∼ M 2,3 and will be represented from now on by
In 
The relation between symmetry eigenstates (primed) and mass (unprimed) fields are
Defining the lepton mixing matrix as 
which is in agreement within the experimental error data at 3σ given by [7] |V 
and we see that it is possible to accommodate all lepton masses and the PMNS matrix. Here we do not consider CP violation.
I. THE BOUNDEDNESS OF THE POTENTIAL
The boundedness of the potential from below has to be a criteria defined allowing the greatest number of the parameter space. In the earlier work in Ref. [10] was computed some set of vacuum stability conditions following the Copositive Criteria for the Boundedness of the Scalar Potential, in short the basic idea is construct the quartic couplings as a pure square of the combinations of bilinear scalar fields and set their coefficients could be nonnegative, with this we can certainly makes the vacuum stable. However, for scalar potential more complicated certain amount of ambiguities may arise, for more details see Ref. [10] .
So in the base |S| 2 , |D 1 | 2 , |D 2 | 2 , we have:
The values for r 2 i are those to minimize the entries of the matrix. We have two relevant cases for the off-diagonal elements with sums, : if both coupling constants are positive/negative, the minimum comes from choosing r 
and
It is easy to verify that if the conditions in Eqs. (13) are satisfied the conditions in Eq. (14) are automatically satisfied. Hence, the positivity of the scalar potential is guarantee just by the conditions in Eq. (13).
II. CONCLUSIONS
The scotogenic mechanism is based on the existence of inert doublets (they do not couple with charged leptons and do not contribute to the masses of the vector bosons) and this character is due the existence of a discrete symmetry, usually Z 2 or S 3 [6]. However, It has been noted in Refs. [8, 9] that the running of the parameters in model may induce a spontaneously breakdown of this symmetry and the doublets lose its inert character. This occurs also in the present model in which the discrete symmetry is Z 3 . The renomalizaton group equation of the µ
with t = ln µ where µ is the energy scale at which µ are the gauge couplings, and {a} denotes the dimensionless couplings in the scalar potential. 
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